In 1964 the effect of organic monomers polymerization under the shock waves was discovered in the Institute [1] [2] . It was found out that a number of various compounds in liquid and solid states were polymerized under the shock wave effect. The polymerization process can proceed with various types of chemical bondsi double CsC bond (acrylejnide, styrene); triple CsC bond (tolane); triple CsH bond (acrilonitrile); double CmO bond (bensaldegyde); revealing heterocycles (trioxane, tetrahydrofuran) 1.3,4]. Some compounds which are hard polymerized due to ateric effects were polymerized under the shoclimaleic anhydride, oil acid nitrile, • **)• The shock wave polymerisation proceeds without any catalysts commonly used to initiate the process at normal conditions £2,4 1 . The active centers are created by the shock wave, they originating mainly inside of the shock front [5] . The next polymerization process stage -the polymerization chain growth can proceed either during the shock wave effect [6} or after the shock passing [7) . It depends on the monomers physico-chemical properties*
The shock compression of any substances results in pressure and temperature increase* Pressure and temperature have a considerable influence upon the polymerization process at normal conditions* The purpose of t h e paper is t o r e v e a l pressure and temperature influence on t h e polymerization process under t h e shock wave loading c o n d i t i o n a The a v a i l a b l e d a t a concerning the problem a r e contraversy. It has been found out t h a t the change of t h e sample i n i t i a l temperature from -195OC up t o +25OC does n o t i n f l u e n c e t h e polymer y i e l d f o r the shock polymerization of c r y s t a l l i n e acrylamide p,8] . It follows from the d a t a t h a t t h e process r e g u l a r i t i e s does not reduce t o summary pressur e and temperature e f f e c t [2, 8, 9] . However, the d a t a of [7, 10, 113 c o n t r a d i c t t h e statement. The influence of t h e acrylamide samples i n it i a l temperature on the shock polymerization process has been observed i n t h e s e papers.Besides, i t has been shown i n [7, 11] t h a t t h e c r y s t a l l i n e acrylamide shock polymerization can proceed according t o t h e thermal explosion mechanism, a considerable p a r t of t h e process t a k i n g place a f t e r the shock passing. It has been found o u t i n \ 4 ] t h a t t h e acrylamide shock polymerization occurs only a t t h e s t e p p i n g shock loading of t h e sample, a s i n g l e shock does n o t p r a c t i c a l l y g i v e r i s e t o t h e polymer o r i g i n . A t t h e s t e p p i n g shock loading t h e o t h e r r e a c t i o n s , except t o the acrylamide polymerization, take place and i t causes t h e appearance of t h e c r o s s l i g h t i n g polymer. This f a c t hampera one t o determine t h e polymerization process k i n e t i c c h a r a c t e r i s t i c s [12, 131. It followe from t h e above mentioned t h a t the c r y s t a l l i n e acrylamide is not s u i t e d t o t h e i n v e s t i g a t i o n of pressure and temper a t u r e influence on t h e shock polymerization process. To s o l v e t h e problem one needs some monomer which must be capable t o be polymerized i n time of shock wave passing and has no acrylamide disadvantages Monocrystalline t r i o x a n e has been s e l e c t e d a s the monomer. Unlike acrylamide, trioxane is polymerized i n time of s i n g l e shock e f f e c t [4, 6] . The polymer o r i g i n a t e d is l i n e a r and e n t i r e l y soluble. These p r o p e r t i e s enable us t o determine l e n g t h and q u a n t i t y of t h e polymer chains. The polymerization process i s completely defined by the parameters. Trioxane molecules r e p r e s e n t six-termed cycles with a l t e r n at i n g C and 0 a t o m . The c y c l e s a r e s t e r i c a l l y ap r o p r i e t e l y arranged i n t h e c r y e t a l l a t t i c e t o j o i n each o t h e r ( fig.1 f . The chain i n c r e a s e process i s governed by t h e c r y s t a l l a t t i c e . The process can proceed along C and A c r y s t a l l o g r a p h i c axes [14, 15] . The c r y s t a l l a t t i c e of the o r i g i n a t e d polymer corresponds t o t h a t of t h e monomer. The growth of t h e chain has time t o accomplish i n t h e period of t h e shock e f f e c t [6] . These statements a r e supported by t h e following experimental data: 1. t h e polymer chain l e n g t h depends on shock s t r e n g t h and duration. 2. t h e polymer chains conformations depend on t h e conditions of shock wave loading: a ) on shock wave e f f e c t duration, b ) on s i n g l e o r s t e pping shock e f f e c t , c ) on monocrystal sample a x i s o r i e n t a t i o n r e l a t i v e t o t h e d i r e c t i o n of shock wave f r o n t motion.
IR-spectrum a n a l y s i s has shown t h a t t r i o x a n e molecule s t a t e and l o c a t i o n govern t h e chain conformation of trioxane polymer. Both t h e s t a t e and l o c a t i o n a r e f i x e d i n s i d e of t h e c r y s t a l l i n e l a t t i c e a t t h e process of t h e polymer chain i n c r e a s e i n time of shock wave e f f e c t . The conformation o r i g i n a t e d i s metastable. It i s e a s i l y annealed und e r t h e a c t i o n of ultrasound, at melting and r e c r y s t a l l i Z a t i o n . The conformation annealed approximatqs t o t h e c a l c u l a t e d conformation of the u n s t r a i n e d chain.
The d a t a obtained on t h e monomer molecules s t a t e during t h e i r j o i n i n g t o t h e i n c r e a s i n g chain permits one t o undemtand t h e f e a t ur e s of t h e mechanism involved i n polymerization process i n shock Pig.1. a ) Transition of monomer-trioxane i n t o polymer-polyoximethylene, b) The scheme of polymer chain formation i n c r t a l l i n e trioxane, c ) C s t a l s t r u c t u r e s of trioxane (1Yand 801 yoxime thylene (3. I n t e r n a l d i e tances a r e given i n A .
waves. It should be noted t h a t due t o the low value of the trioxane polymerization heat the c h a r a c t e r i s t i c s of the originated polymer a r e not d i s t o r t e d (e.g. the polymer chains yield, length and conformationb I n the case of acrylamide polymerization the t r a n s i t i o n of the C=C double bond t o the C-C s i n g l e bond i e accompanied by the emission of 15 kkal/mol and i t r e s u l t s even i n the thermal explosion. Unlike acrylamide, the trioxane polymerization proceeds through breaking the C-0 bond of the monomer cycles and creation of the same kind of bond among the neighbouring molecules p r a c t i c a l l y without emission of e n e r t 3Y
The joining of trioxane molecule open cycle t o the increasing chain i s accompanied by some rotation. The formation of the s p i r a ll i k e polymer chain i n the process gives r i s e to the c r y s t a l l a t t i c e knot displacement. I n t h i s d i r e c t i o n the c r y s t a l configuration becomes somewhat longer. A t c e r t a i n etage of the chain growth process the s t r e s s i n the polymer c r y s t a l l i n e l a t t i c e appears and supresses the process [IT]. It means t h a t i t i s necessary f o r the polymer chain growth some mobility of the monomer moleculee. 'Fhe mobility provides the moleculee turning and the r e l e a s e of the c r y s t a l l a t t i c e s t r e s s .
The polymerization process of the c r y s t a l l i n e trioxane depends strongly on temperature a t normal conditions [18,191; the temperature decrease down t o -lO°C suppresses the process e n t i r e l y . But the phase transition is not involved in suppressing the process, since there is not any phase transition in the temperature interval -170°C + +64OC.
The suppression process at -lO°C is due to the intermolecular distances shortening and hindering all kinds of molecule motion. At -170°C trioxane crystal lattice has maximum rigidity. In the temperature interval +25OC + +55OC the intermolecular distances and the molecules mobility increase considerably. According to NMR data the change of the configuration of the monomer molecules and their orientation motion are possible in this temperature interval [20,21\. The polymerization process proceeds most rapidly at these temperatures. The temperature increase from + 25OC up to 55OC (premelting temperature) results in the polymer yield increase of approximately in an orderL141.
The static pressure effect decreaaesthe mobility of the molecules and the intermolecular distances and hampers the trioxane polymerization process \22,23,241. The above mentioned pecularities of the trioxane solid phase polymerization process makes the monomer rather suitable to investigate the problem involved-The polymerization process ie rather strongly subjected to temperature and pressure with opposite effects. Changing the temperature of the initial samples crg. eta1 lattice at various pressures of shock wave loading one can expect to determine the proper role of pressure and temperatue separately.
The shock wave experiments have been performed at initial temperatures of the samples equal to -170°C, +25OC and +55OC. The crystal lattice mobilities differ strongly at these temperatures. A11 the experiments have been carried out with monocrystal samples of C-axis perpendicular to the shock wave front to eliminate the trouble in the size and anisotropy influence on the polymerization process. Table 1 has the characteristics of the polymers: the yield, the polymer average molecular mass and the quantity of the polymer chains. The experimental set-up is shown in fig.2 . The data correspond to the effects Pig. 2. Experimental s e t-up. (The exp l o s i v e charge i s i n t h e contact with t h e ampule's top).a) Single shock wave passing through t h e sample, b ) Stepping shock waves loading, with shock waves r e f l e ct e d from the bottom and t o p of t h e ampule. 1 -t h e g e n e r a t o r of plane detonation waves; 2 -t h e explosive charge; 3 -t h e ampule of recovery (copper). The i n t e r n a l and e x t e r n a l s i z e s 30 mm and 50 mm. 4 -t h e samp l e ; 5-the l a y e r of Pb; 6 -guarding r i n g s ( s t e e l ) .
of the s i n g l e shocks of 3.3 -5.5 GPa. A t t h e pressures h i g h e r than 5.5 GPa t h e recovered samples begin t o melt but a t t h e pressures lower than 3.3 GPa t h e polymer y i e l d i s n e g l i g i b l e small.
I n t h e pressure i n t e r v a l a t -170°C t h e polymerization process i s almost e n t i r e l y suppressed. Even a t maximum pressure 5.5 GPa t h e polymer y i e l d i s equal only t o 1.5%. The r a t e of the process i n c r e a s e s at +25OC,and a t +55OC t h e polymer a l l c h a r a c t e r i s t i c s amount t o t h e i r m a x i m u m values. I n a d d i t i o n t o t h e temperature e f f e c t on t h e polymer c h a r a c t e r i s t i c s mentioned, t h e change of t h e i n i t i a l samples temperat u r e r e s u l t s i n the formation of t h e polymer chains of d i f f e r e n t conformations . Fig. 3 shows t h e IR-spectra of two polymer samples. They have been obtained a t t h e same s i n g l e shock loading of 3.5 GPa but a t various i n i t i a l temperatures: -170°C and +25OC. The spectrum i n t e -
800-1200 cm c h a r a c t e r i z e s t h e chain conformation s t a t e . A t -170°C more narrow and i n t e n s i v e bands of absorption ( 1 ) appear i n t h e i n t e r v a l . A t +25OC t h e bands become wider (2). It is obvious t h a t t h e reason f o r i t i s t h e i n c r e a s e of d i s t r i b u t i o n of t h e angles values of t h e molecules cycles i n n e r turns. It means t h a t the c h a o t i c displacement of t h e monomer molecules r e l a t i v e t o t h e C r y s t a l l a t t i c e knots increases. The displacement i s c h a r a c t e r i s t i c of the thermal mobility. This s t a t e of t h e monomer molecules is f i x e d a t the process
of t h e polymer chain growth. The metastable conformatione ( 1 ) and ( 2 ) a r e e a s i l y annealed. The IR-spectra of these both samples become completely i d e n t i c a l (3) a f t e r t h e treatment of t h e samples by u l t r asound low frequency d i s p e r s e r i n l i q u i d paraffin. The spectrum ( 3 )
does n o t contain t h e bonds c h a r a c t e r i s t i c of t h e samples s u b j e c t e d t o t h e shock wave treatment. Thus, according t o t h e experimental da-
t a t h e temperature has some influence on t h e t r i o x a n e polymerization process which takes place i n time of t h e shock wave e f f e c t . However, t h e sample i n i t i a l temperature i n f l u e n c e i s considerably weaker i n comparison with t h a t a t the s t a t i c conditions. Hence, a t normal con-d i t i o n s the temperature increase from +25OC up to 55OC r e s u l t s i n the polymer y i e l d increase by an order. A t the s i m i l a r temperatures but a t the shock wave loading the polymer y i e l d increases only two time& It means t h a t the pressure reduces the temperature influence. I n spi. t e of t h i s f a c t , the increase of the shock amplitude, nevertheless, r e s u l t s i n the polymer y i e l d growth. Probably, a higher temperature of the shock-compressed samples under stronger shock e f f e c t is responsible f o r the r e s u l t . Fig.3 . IR-epectra of polymers (polyoximethylene) obtained by s i n l e shock loading up t o 3.9 GPa a t -170°C(I) and a t
+25 C (2). A f t e r recovering the both samples give ( 3 ) .
The experiments with the stepping shock loading of the samples have been performed to reveal whether r e a l l y the shock compression temperature does e f f e c t on the polymerization process. A t the stepping loading the f i n a l pressure i s gained by consecutive pass t h r o w the sample of some shock waves. A t the same f i n a l pressure the substance f i n a l temperature of the stepping compression i s lower than i n the case of the s i n g l e shock. Pig.2b shorn the experimental s e tup. The data (see t a b l e 11) i n d i c a t e t h a t the samples have lower h e a t i n g a t the stepping loading i n comparison with t h a t a t the s i n g l e shock. Thus, a t the sample i n i t i a l temperature +55OC under the s i ngle shock of 5.5 GPa the sample p a r t i a l l y melts but a t the stepping loading up t o higher pressure of 7.0 GPa the sam l e does not m It a t a l l . The experiments with both types of loading gave been c-led out a t the samples i n i t i a l temperature of + 25OC t o eliminate the influence of the samples melting (table111). It has been found out t h a t a t the stepping loading the polymer y i e l d increaaes i n s p i t e of the temperature decreasing and the f i n a l pressure increasing. A t the e t e t i c conditions t h i s change of the temperature and the pressure would have to hamper the process. Thua, the data i l l u s t r a t e the f a c t t h a t pressure and temperature a r e not the only responsible agents f o r the stimulation of the trioxane shock polymerization process.
To reveal the s p e c i f i o nature of the shock wave loading the experiments with various f i n a l pressures of the steppin shock loading a t varioue i n i t i a l temperatures (-170°C, +25OC, + 5 5 0~f of the ampl e e have been performed. It ha8 been found out t h a t the samples i n i t i a l temperature e f f e c t s considerably the polymerization process both a t the stepping and the s i n g l e shock loading of r a t h e r low pressure (1.8 GPa f o r the f i r s t shock). Thus, the process i s pract i c a l l y suppressed a t -170°C and the polymer y i e l d increases a t --------+25OC and e s p e c i a l l y a t +55OC. The d i f f e r e n c e of t h e polymer caracter i s t i c s obtained a t varioua i n i t i a l temperatures of t h e samples decr e a s e s with t h e pressure i n c r e a s e t o 3.3 GPa f o r t h e f i r s t shock. The 5.9% polymer formation even a t -170°C i n d i c a t e s t h a t some molecular s t a t e came i n t o being. This molecular s t a t e suppresses, t o some ext e n t , t h e i n h i b i t o r y e f f e c t of t h e sample i n i t i a l temperature. I f pressure i n c r e a s e s t o 3.9 GPa, the samples i n i t i a l temperature e f f e c t on the polymer c h a r a c t e r i s t i c s disappears completely. It follows from the d a t a t h a t the i n i t i a l temperature influence i s weaker a t t h e s t e p p i n g loading i n comparison with t h a t a t the s i n g l e shock e f f e c t .
The revealed s p e c i f i c f e a t u r e s of t h e s t e p p i n g loading show t h a t the molecules s t a t e , governing t h e polymerization process under the shock e f f e c t , is n o t confined t o t h e i r thermal m o b i l i t y only. The comparison of t h e conformation of t h e polymers obtained a t the s t e p p i n g and t h e s i n g l e shock loading a l s o supports t h i s conclusion. sample i n i t i a l temperat u r e T C * 5 5
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To e l i m i n a t e t h e e f f e c t of t h e i n i t i a l thermal m o b i l i t y of molec u l e s t h e experiments have been performed a t the samples i n i t i a l temperature -170°C. Rather narrow and i n t e n s i v e bands of absorption ap.-pear i n t h e IR-spectrum i n t e r v a l 800-:I200 
I000
1200 ?i , cm-' Fig.4 . IR-spectra of polymera ( olyoximethylene), obtained by s t e p p i n g ( 1 ) and s i n g l e f a ) shock loading a t t h e i n i t i a l temperature of t h e sample -170°C. The f i n a l pressure a t t h e s t e p p i n g and s i n g l e shock loading are 7.0 GPa and 4 GPa, r e s p e c t i v e l y . Results presented i n a l l the Tablea a r e averaged o v e r twot h r e e a n a l o g i c a l t e s t s . 2. Percentage of t h e y i e l d (weght) a r e c a l c u l a t e d p e r i n i t i a l mass of monomer i n t h e ampule. Unreacted p a r t of t h e monomer is drawn away by vacuuming. IR-spectrum i n t e r v a l . The bands appear only at t h e s t e p p i n g loading and a r e c h a r a c t e r i s t i c of t h e metastable conformation. The conformat i o n t e s t i f i e s t o t h e i n c r e a s e of t h e monomer molecules deformation s c a l e i n time of t h e i r j o i n i n g t o t h e chain. +25 2-02. 10 +55 samples p a r t i a l l y melt sample i n i t i a l tempera t u r e -170 +25 +55
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M,, i s t h e polymer average-viscosity
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It i s obvious t h a t the IR-spectrum p e c u l a r i t i e a and much weaker e f f e c t of the i n i t i a l temperature on t h e polymerization a t stepping loading a r e governed by t h e v e c t o r i a l n a t u r e of t h e e f f e c t of t h e shock wave upon t h e o r i e n t e d monomer molecules i n the c r y s t a l l a t t ice. The e f f e c t becomes s t r o n g e r a t m u l t i p l e shock passing through t h e sample.
So f a r t h e mechanism of t h e shock polymerization process has not been revealed yet. Probably, t h e molecules r e l a t i v e motion i n the sample a t t h e i r shock compression plays an important r o l e i n t h e process. The motion r e s u l t s , on t h e one hand, i n t h e r e l e a s e of t h e polymer chain s t r e s s which accumulates during t h e chain growth and i t i s r e s p o n s i b l e f o r t h e monomer molecules deformation, on t h e other. The moleculea deformation a r i s e s due t o t h e s h e a r s t r e s s . The s t r e s s and deformation appear i n time of the eubstance compression i n s i d e t h e shock d i s c o n t i n u i t y zone during an extremely s h o r t time -1 0 '~~s [5, 253. Only t h e t r a n s l a t i o n a l degrees of fpeedom a r e e x c i t e d during t h i s time. Then t h e energy of t h e t r a n s l a t i o n a l degree8 of freedom turns i n t o the i n n e r degreea of freedom. The vibr a t i o n a l degrees of freedom contain t h e main s h a r e of t h e substance i n n e r energy i n complex molecules. The e x c i t a t i o n times i n various bands of complex molecules d i f f e r considerably and can exceed t h e 
